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Weyl points (WPs), as nodal degenerate points in three-dimensional (3D) 
momentum space, are ideal if they are symmetry-related, well-separated, 
residing at the same energy and far from the nontopological bands. 
Although type-II WPs show some unique features compared with type-I 
counterparts, ideal type-II WPs have not yet been reported due to the lack 
of an ideal Weyl system with enough flexibility to tilt the dispersion bands. 
By stacking two-dimensional (2D) layers of inductor-capacitor (LC) 
resonator dimers with the breaking of parity inversion symmetry, here we 
experimentally realize the topological circuits with only the topological 
bands and observe a minimal number of four ideal type-II WPs. Two 
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hallmark features of type-II WPs: a strongly tilted band structure with two 
group velocities having the same sign near type-II WPs and the 
topological surface states in an incomplete bandgap have been 
demonstrated. Our results establish an ideal system to the further study 
of Weyl physics and provide a new perspective to the access of 
topological matters. 
 
Weyl point (WP) is a nodal degenerate point where two linear energy spectra 
intersect in 3D momentum space (1). In a 3D crystal, if all the WPs are 
symmetry-related, residing at the same energy with a large momentum 
separation and devoid of nontopological bands in a sufficiently large energy 
interval, such a crystal is called as an ideal Weyl system (2-4). Due to these 
features, in an ideal Weyl system it is less challenging to identify the real WPs 
from the subtle band crossings and to demonstrate the intriguing phenomena 
such as the topological surface states (5). Moreover, ideal WPs are particularly 
useful in some realistic and innovative device applications (6). To date, ideal 
type-I WPs with symmetric cone spectra have been observed in semimetals 
(2,7), and also in artificial photonic crystal structures utilizing the flexibility and 
diversity of classical systems (4).  
However, as another important constituent of ideal WPs, ideal type-II WPs 
have not yet been reported although type-II WPs can be transited from type-I 
counterparts by increasing the kinetic component in the Weyl Hamiltonian (8). 
In contrast with the well-studied type-I WPs (9-13), it was not until 2015 that 
type-II WPs were theoretically proposed (14) and then experimentally 
confirmed in condensed matter (15-17), photonic (18-20) and acoustic systems 
(21). Type-II WPs show some unique features which include strongly tilted cone 
spectra, two group velocities having the same sign near type-II WPs and 
topological surface states located in an incomplete bandgap (14,22). Besides, 
type-II WPs can be used to explore the fascinating analogues in astrophysics 
such as the Hawking radiation and gravitational lensing (23,24). Unfortunately, 
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the realization of ideal type-II WPs is hindered by the lack of an ideal Weyl 
system with enough flexibility to tilt the dispersion bands (8). To the best of our 
knowledge, ideal type-II WPs were only theoretically predicted in a few 
condensed matter systems without experimental validation (3,25,26).  
Here we report on the realization of a minimal number of ideal type-II WPs 
in topological circuits that reside at the same energy with a large momentum 
separation. Using the site-resolved transmission measurement and mapping 
out the band structures, we confirm the existence of a strongly tilted band 
structure with two group velocities having the same sign near type-II WPs and 
the topological surface states in an incomplete bandgap, which are two 
hallmark features of type-II WPs. Unlike the previous proposals (3,25,26), our 
design utilizes the macroscopic circuit system. Its connectivity can be literally 
wired in an arbitrary manner with arbitrary numbers of connections per node 
and long-range connections, and its hopping is independent on the distance 
between the nodes (6). This flexible and controllable connectivity and the 
distance independent hopping allow an easy fabrication of a two-band 
topological circuit without any nontopological bands. Under P breaking and T 
preserving, we obtain the minimal number of four ideal type-II WPs, which 
reside at the same energy with a large separation. 
Our topological circuit exhibiting ideal type-II WPs is constructed by 
stacking 2D layers of LC resonator dimers with the breaking of P (22). As 
depicted in Fig. 1a, the white and black nodes are wired to two types of 
grounded parallel LC resonators, respectively, and the nearest nodes are wired 
by the coupling capacitors in the x, y and z directions. The inductors in all the 
resonators are identical. For an isolated layer in the x-y plane with the identical 
grounded capacitors Ca = Cb and the identical coupling capacitors C1 = C2 = C3, 
its two bands degenerate at the square 2D BZ boundary and there are quadratic 
degeneracies at the corners (27). By stacking identical layers along the z 
direction with C4 = C5, the band degeneracy points (BDPs) form a square tube 
with its rotational axis along the kz direction (supplementary information 
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sections 3 and 4). In order to break P of the circuit, we break the mirror 
symmetry in the x direction Mx := x → -x by letting C1 ≠ C2, which leads to the 
splitting of the square degeneracy in the kx-ky plane (22,27). In the three-
dimensional (3D) BZ, the BDPs form a pair of lines along the kz direction with 
kx = 0 and ky positions being determined by the sum of C1 and C2, and they 
have linear dispersion in the kx and ky directions. Here we let C1 + C2 = C3 and 
the degenerate lines are projected to (0, ±2/3)π/a, where a is the spacing 
between the nearest resonator nodes. To further realize the isolated BDPs in 
the BZ, we break the line degeneracy by letting C4 ≠ C5. In this case, two BDPs 
with quadratic dispersion in the kz direction are located at (0, ±2/3, 0)π/a. In 
order to move the BDPs to the positions that have linear dispersion, we use 
resonators with two different resonant frequencies by letting Ca ≠ Cb and 
specially we let Ca - Cb = -2(C4 – C5). Then the original two BDPs split into four 
points at (0, ±2/3, ±1/2)π/a, which are the type-II WPs. 
Under P breaking and T preserving, the minimum number of type-II WPs is 
four (6). As shown in Fig. 1b, the four type-II WPs are distributed in momentum 
space with a large separation, where the first BZ is enclosed by dashed lines. 
Type-II WPs exist in pairs with opposite chirality and each point acts as either 
a source (red spheres) or sink (blue spheres) of Berry curvature (supplementary 
information section 5). This topological circuit has two mirror symmetries My := 
y → -y and Mz := z → -z, and T. Considering that mirror symmetry requires a 
WP located at k to create another WP at -k with the opposite chirality and T 
requires another WP at -k to have the same chirality (6), the four type-II WPs 
satisfy the constrains imposed by the symmetry i.e. they are symmetry-related. 
Notably all these type-II WPs reside at the same energy f = 104.0 kHz under 
the realistic circuit parameters mentioned in the caption of Fig. 1. Besides, the 
capacitive coupling from the identical resonators in the z direction breaks the 
Lorentz symmetry, which leads to a strongly tilted band structure in the kx-kz 
plane with ky = ±2π/3a, as shown in Fig. 1c. From the above discussion, our 
topological circuit is an ideal type-II Weyl system since the minimal number of 
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four type-II WPs are symmetry-related, well-separated and residing at the same 
energy, and there are no nontopological bands.  
In order to verify the existence of ideal type-II WPs, we experimentally 
implement two topological circuits using stacked circuit boards, where one is 
periodic along the x, y and z directions and another one is finite along the 
( )= − 2p x y   direction and periodic along the ( )= + 2q x y   and z 
directions (supplementary information section 1). Since a periodic boundary 
can mimic an infinite boundary (27), the two topological circuits are equivalent 
to two theoretical circuit lattices, respectively, where one is infinite along the 
three directions and another one is finite along the p direction and infinite along 
the other directions. Experimentally we excite and probe the resonator nodes 
of the topological circuits using a network analyzer. Then the band structures in 
different directions of the BZ are mapped out by applying a Fourier transform 
to the complex transmission coefficients in real space to validate the existence 
of ideal type-II WPs (supplementary information sections 2 and 6). 
One exciting signature of type-II WPs is a strongly tilted band structure with 
two group velocities having the same sign near type-II WPs. As shown in Figs. 
2a-b, we fabricate the topological circuit with the periodic boundaries along the 
three directions. The assembled 3D circuit structure contains eight layers and 
it has a size of 23.5 cm × 31.0 cm × 13.5 cm. Experimentally, bulk states are 
excited and probed by a site-resolved measurement, and the one-dimensional 
(1D) band structures are shown in Figs. 2c-e. The corresponding theoretical 
band structures calculated from the equivalent circuit lattice which is infinite 
along the three directions are shown in in Figs. 2f-h. We sweep kx at (ky, kz) = 
(±2/3, ±1/2)π/a in Figs. 2c and f, and get one degenerate point at kx = 0. 
Similarly, by sweeping ky at (kx, kz) = (0, ±1/2)π/a in Figs. 2d and g, we get two 
degenerate points at ky = ±2π/3a. In Fig. 2e and h, there are two degenerate 
points located at kz = ±π/2a by sweeping kz at (kx, ky) = (0, ±2/3)π/a. For each 
point, the two strongly tilted bands imply that their group velocities have the 
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same sign, which is a signature of type-II WPs. Specially, according to the k·p 
model, the band structure has linear dispersion at these ideal type-II WPs 
(supplementary information section 7).  
Another exciting signature of type-II WPs is the existence of topological 
surface states in an incomplete bandgap. As shown in Fig. 3a-b, we fabricate 
the topological circuit with a finite boundary along the p direction and the 
periodic boundaries along the other directions. The assembled circuit structure 
also contains eight layers and it has a size of 24.0 cm × 40.0 cm × 13.5 cm. In 
order to excite the surface states, we excite the resonator nodes from the two 
boundaries normal to the -p and +p directions, respectively. The experimental 
band structures are shown in Figs. 3c-d. Similarly, the corresponding 
theoretical band structures calculated from the equivalent circuit lattice which 
has 2.5 unit cells along the p direction and infinite along the other directions are 
shown in Figs. 3e-f. In Fig. 3e, the red curves in the dispersion spectrum with 
kz = ±π/2a which is confirmed by Fig. 3c denote two nondegenerate bands, 
where ( )= + 2q x yk k k  . When the momentum is lying on the bands (red 
curves) with π≥ 2 3qk a  , there are two distinct surface states which are 
located in an incomplete bandgap with the same sign of group velocities (22), 
as shown by the red and blue curves in Fig. 3f with kq = ±π/a, and the six bright 
spots around f = 104.0 kHz. In order to further demonstrate the topological 
surface states, in the inset of Fig. 3d we show the transmission distributions on 
a part of the circuit, when the circuit is excited at f = 104.0 kHz from the two 
boundaries, respectively. In both cases, the transmission peaks probed at the 
two opposite boundaries validate the existence of the topological surface states 
with (kq, kz) = (±π/a, ±π/2a). 
Based on the two implemented topological circuits, we have demonstrated 
a strongly tilted band structure with two group velocities having the same sign 
near type-II WPs and the topological surface states in an incomplete bandgap. 
The two signatures validate the existence of a minimum number of four ideal 
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type-II WPs that reside at the same energy with a large momentum separation 
and imply that our circuit system is an ideal type-II Weyl system. Compared with 
other 3D systems, periodic boundaries are easier to be implemented in circuit 
systems, which makes it feasible to construct band structures using compact 
circuits. Besides, the performance of the circuit system such as the frequency 
of type-II WPs and the group velocities near type-II WPs can be adjustable 
(supplementary information section 8). These advantages imply that our 
topological circuits provide a clean and adjustable platform to observe ideal 
type-II WPs.  
The designed ideal type-II Weyl system presented here opens the door to 
the realization of new topological phases of matter and provides a prototype 
platform for realistic device applications. The flexibility and controllability of our 
circuit system are particularly beneficial for the nonlinear (28), higher-order (29) 
and higher-dimensional (30) topological systems. Although our demonstration 
was carried out between 80-130 kHz, the design principle should be 
generalizable to other frequency regimes such as microwave frequencies using 
microstrips (31) and optical frequencies using subwavelength nanoparticles 
(32). Furthermore, the building blocks of our circuit, LC resonators, can be 
regarded as atoms of a periodic lattice, i.e. a crystal, and the capacitive coupling 
corresponds to the bonding between these atoms. A similar lattice design may 
be applied to other classical systems such as photonic and acoustic systems 
to observe ideal type-II WPs. 
 
Data availability. The data that support the plots within this paper and other 
finding of this study are available from the corresponding author upon 
reasonable request. 
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Fig. 1 Topological circuit with ideal type-II WPs. a, Schematic of the circuit, 
where the white and black nodes are wired to the grounded parallel LC 
resonators with two different resonant frequencies, respectively, and the 
nearest nodes are wired by the coupling capacitors in the x, y and z directions. 
The coupling capacitors are C1 = 18 pF, C2 = 82 pF, C3 = 100 pF, C4 = 270 pF 
and C5 = 120 pF, the grounded capacitors are Ca = 1.5 nF and Cb = 1.8 nF, and 
the inductors are L = 1 mH. The yellow cube denotes a unit cell. The p and q 
directions are defined as ( )= − 2p x y  and ( )= + 2q x y , respectively. b, 
The topological circuit creates a minimal number of four ideal type-II WPs that 
are located at (0, ±2/3, ±1/2)π/a in momentum space and residing at the energy 
f = 104.0 kHz, where the 3D first BZ is enclosed by dashed lines and a is the 
spacing between the nearest resonator nodes. The kp and kq directions are 
defined as ( )= − 2p x yk k k  and ( )= + 2q x yk k k , respectively. The type-II 
WPs exist in pairs with opposite chirality and each point acts as either a source 
(red spheres) or sink (blue spheres) of Berry curvature. c, A strongly tilted 2D 
band structure for the circuit in the kx-kz plane with ky = ±2π/3a.  
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Fig. 2 Observation of a strongly tilted band structure. a-b, 3D schematic (a) 
and bottom layer (b) of the topological circuit which is periodic along the x, y 
and z directions. c-e, 1D experimental band structures by sweeping kx at (ky, 
kz) = (±2/3, ±1/2)π/a, ky at (kx, kz) = (0, ±1/2)π/a and kz at (kx, ky) = (0, ±2/3)π/a, 
respectively. f-h, The corresponding theoretical band structures calculated from 
the equivalent circuit lattice which is infinite along the three directions. Four 
ideal type-II WPs are located at (0, ±2/3, ±1/2)π/a and residing at the same 
energy f = 104.0 kHz. In e and h, the two strongly tilted bands imply that their 
group velocities have the same sign, which is a signature of type-II WPs. 
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Fig. 3 Observation of topological surface states in an incomplete bandgap. 
a-b, 3D schematic (a) and bottom layer (b) of the topological circuit which is 
finite along the p direction and periodic along the q and z directions. c-d, 
Experimental band structures along the kq direction with kz = ±π/2a and along 
the kz direction with kq = ±π/a, respectively. e-f, The corresponding theoretical 
band structures. When the momentum is lying on the red curves in e with 
π≥ 2 3qk a , there are two distinct topological surface states in an incomplete 
bandgap, as indicated by the red and blue curves in f. The black curves in e-f 
correspond to the bulk states. The inset of d shows the transmission 
distributions of the surface states with (kq, kz) = (±π/a, ±π/2a) when the circuit 
is excited at f = 104.0 kHz from the two boundaries, respectively. In both cases, 
the transmission peaks probed at the two boundaries validate the existence of 
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surface states, which is another signature of type-II WPs. 
